Background: Neurological soft signs (NSS) are hypothesized as candidate endophenotypes for schizophrenia, but their prevalence and relations with clinical and demographic data are unknown. The authors undertook a quantification (meta-analysis) of the published literature on NSS in patients with schizophrenia and healthy controls. A systematic search was conducted for published articles reporting NSS and related data using standard measures in schizophrenia and healthy comparison groups. Method: A systematic search was conducted for published articles reporting data on the prevalence of NSS in schizophrenia using standard clinical rating scales and healthy comparison groups. Meta-analyses were performed using the Comprehensive Meta-analysis software package. Effect sizes (Cohen d) indexing the difference between schizophrenic patients and the healthy controls were calculated on the basis of reported statistics. Potential moderator variables evaluated included age of patient samples, level of education, sample sex proportions, medication doses, and negative and positive symptoms. Results: A total of 33 articles met inclusion criteria for the meta-analysis. A large and reliable group difference (Cohen d) indicated that, on average, a majority of patients (73%) perform outside the range of healthy subjects on aggregate NSS measures. Cognitive performance and positive and negative symptoms share 2%-10% of their variance with NSS. Conclusions: NSS occur in a majority of the schizophrenia patient population and are largely distinct from symptomatic and cognitive features of the illness.
Introduction
Schizophrenia is a loose and complex neuropsychiatric syndrome characterized by a range of cognitive 1 and psychophysiological deficits. 2 Beginning with the seminal review by Heinrichs and Buchanan, 3 the study of neurological soft signs (NSS) has provided an additional and increasingly important perspective on the illness. Conventionally defined as nonlocalizing abnormalities without diagnostic specificity, NSS involve observable defects in sensory integration (SI), motor coordination (MC), and inhibition. Tsuang and colleagues 4, 5 have argued that these defects reflect genetic and nongenetic processes underpinning the predisposition to psychotic illness. Moreover, the assumption of nonfocal neural representation is being revised in light of evidence that NSS have identifiable cerebral correlates. [6] [7] [8] Current views consider these signs as covariates of attention, [9] [10] [11] [12] [13] verbal ability, 14, 15 and visual-spatial memory. 10, 16, 17 It follows that NSS and cognitive findings have emerged as candidate endophenotypes for schizophrenia-spectrum disorders. 18, 19 Evaluating the strength of evidence in support of NSS as key indicators of psychotic illness has been complicated by a number of potentially confounding variables including duration of illness, medication doses, and the use of different measurement techniques. Although systematic reviews addressing the issues of NSS in schizophrenia have appeared in the past decades, all were narrative reviews (eg, Bombin et al, 18 Heinrichs and Buchanan, 3 Bombin et al 20 ) . Although valuable, narrative reviews do not quantify the strength or consistency of evidence in a field or test hypotheses about moderators underlying the variability between study findings. Metaanalytic techniques of research synthesis provide the most objective way of assessing the magnitude and consistency of differences between people with and without schizophrenia. 21, 22 Research synthesis aggregates data on the same or highly similar dependent measures from multiple independent studies, expresses differences between schizophrenia patients and healthy comparison subjects in pooled SD units (ie, the effect size), and yields CIs for mean effect sizes. 23 Recent meta-analyses suggest that deficits in cognitive measures consistently distinguish a majority of schizophrenia patients from healthy, nonpsychiatric subjects. 21, 24, 25 However, little is known about the relative prevalence of NSS in schizophrenia patients and healthy samples. In addition, there are a few published estimates of the strength of association between soft signs, symptoms, and neurocognitive functions in the schizophrenia population. Moreover, the relative prevalence of NSS in relatives of schizophrenia patients remains unknown in terms of quantification and consistency across the research literature. Thus, although NSS are regarded as candidate endophenotypes for schizophrenia, it is not clear whether data obtained from relatives parallel the deficits found in patients.
In light of these considerations, we undertook a metaanalysis to address a number of issues concerning the magnitude, consistency, and mediation of NSS in schizophrenia. First, we aimed to determine the average standardized difference in NSS between patients with schizophrenia and healthy research participants. Second, we were interested in estimating the average magnitude of association between NSS, psychiatric symptoms, and neurocognitive functions in the schizophrenia population. Third, we sought to evaluate potential moderator variables that may contribute to differences between patients and healthy participants. These moderators included patients' ages, level of education, sex, medication, and negative and positive symptom severity.
Methods
Potential articles were identified through a comprehensive search using literature databases of Elsevier Science, EBSCOHost (PsychINFO, PsychARTICLE), and MedLine between 1966 and January 2008. The key words were ''neurological soft signs,'' ''neurological signs,'' ''soft signs,'' ''neurological abnormalit*,'' ''motor coordination,'' ''sensory integration,'' ''disinhibition,'' ''complex motor sequencing,'' ''Luria task,'' ''fist-edge-palm,'' ''schizophrenia,'' ''schizotypal,'' and ''schizotypy.'' Additional articles were obtained from the reference lists of the initial article base and from a search from January 2007 through January 2008 of journals that frequently published articles on NSS in schizophrenia. This strategy was used to minimize the possibility of overlooking very recent articles not included in computerized databases. These journals included Acta Psychiatrica Scandinavica, American Journal of Psychiatry, Archives of General Psychiatry, British Journal of Psychiatry, Journal of Abnormal Psychology, European Archives of Psychiatry and Clinical Neuroscience, Journal of Nervous and Mental Diseases, Neuropsychology, Neuropsychologia, Psychiatry Research, Psychological Medicine, Schizophrenia Bulletin, and Schizophrenia Research. These search procedures yielded an initial pool of 172 potential articles for inclusion.
The following criteria were used to select studies in the initial pool for quantitative analysis. Each study required at least one of the criteria: (1) patients and controls' scores means or t value obtained from NSS instruments such as the Neurological Evaluation Scale (NES) 26 and the Cambridge Neurological Inventory (CNI) 27 ; (2) the correlation coefficient between NSS and psychiatric symptom ratings from instruments including the Brief Psychiatric Rating Scale (BPRS), 28 Positive and Negative Syndrome Scale (PANSS), 29 the Scale for Assessment of Positive Symptoms, 30 and the Scale for Assessment of Negative Symptoms 31 ; and (3) the correlation coefficient between NSS and scores of neurocognitive performance from standard tests such as the Wechsler Adult Intelligence Scale, 32, 33 Trail Making Test, 34 and Wisconsin Card Sorting Test, 35 etc. This procedure yielded a study base of 57 published reports, with 40 contrasting NSS (included total and subscale) schizophrenic and healthy control samples, 14 reporting correlation coefficients between NSS and neurocognitive scores, and 18 reports of correlation coefficients between NSS and symptom scores.
We recorded potential moderator variables including (1) the name of the first author, year of publication, and the order for sorting; (2) 36 etc) and NSS score of patients and controls (mean, SD, t value, P value); (5) correlation coefficient comparing patients' NSS scores with their symptoms scores; and (6) correlation coefficient comparing patients' NSS scores with their neurocognitive function test score.
Data Analysis
All analyses were performed using the Comprehensive Meta-analysis (CMA) software package. 37 Effect sizes (Cohen d) indexing the difference between schizophrenia patients and the healthy controls were calculated on the basis of reported statistics (mean of schizophrenia sample minus the mean of the healthy control group, divided by the pooled SD). When means and SDs were not available, effect size d was computed from t or F values or estimated from exact P values. Standard meta-analytic methods were adopted to obtain mean effect sizes weighted for study variance and averaged across primary studies. 23 Stability of the mean effect was estimated by its 95% CI. In addition, the homogeneity statistic, Q, was calculated to test whether individual study effect sizes for any given variable likely reflect a single common population effect size. A significant Q statistic indicates heterogeneity
of the individual study effect sizes, implying multiple underlying effect populations and the need to analyze potential moderators of effect size variability. 23 Due to the existence of the hypothetical ''file-drawer problem,'' 38 whereby mean effect sizes based on published findings may be overturned by the existence of discrepant unpublished findings, 39 it is recommended that researchers use estimation procedures to assess the likelihood of this possibility. Thus, a fail-safe number estimates the number of unpublished studies with nil or minimal effect sizes required to reduce an overall effect size to some specified negligible value. 38, 40 We set this negligible level at 0.2 and assumed a value of 0.1 for hypothetically ''missing'' or unpublished studies. A second method is a 2-step approach that uses both visual inspection of graphic data and estimation procedures. First, individual study effect sizes are plotted against their SEs, giving rise to a ''funnel'' shape or distribution in the ideal situation and suggesting the absence of bias. On the other hand, skewing and asymmetry in the effect distribution imply a publication bias. 41 Duval and Tweedie 42 developed a method whereby ''missing'' study effects that correct the hypothetical bias and graphic asymmetry are estimated and included along with the published studies to yield an adjusted mean effect size. This procedure was carried out with the CMA software. Finally, moderator variables evaluated in relation to both uncorrected and corrected effect sizes included age of patient samples, level of education, sample sex proportions, medication doses, and negative and positive symptoms.
Results
The primary study base yielded 34 schizophrenia-control comparisons of NSS total score data drawn from 33 independent studies. One study 43 was excluded because it reported the same data as Ismail et al, 44 which was included in the study base. All these comparisons were reported as being statistically significant in the original studies. Grand mean effect sizes for total and selective NSS scores along with their 95% CIs and homogeneity statistics are presented in table 1. The aggregated NSS Note: NSS = neurological soft signs; Std Diff = standard difference in means; NES = Neurological Evaluation Scale; CNI = Cambridge Neurological Inventory; MC = motor coordination; SI = sensory integration; MSeq = complex motor sequencing; disinhib = disinhibition.
* Q value heterogeneous, P < .05.
total score mean effect was large, corresponding to 73% separation of joint schizophrenia and control distributions. 45 However, the individual effects were not homogeneous as indexed by the Q statistic. Moreover, the funnel plot (figure 1) showed a higher concentration of studies on the right side of the mean, suggesting a bias against publishing small studies with no effect. Therefore, the CMA recomputed the effect size using the method of Duval and Tweedie 40 described previously. The number of ''missing'' studies and adjusted effect size and adjusted Q statistic are shown in table 2. The adjusted standard difference in means is lower than uncorrected results for NSS total and for every subscale comparison. Nevertheless, the fail-safe number of studies required to overturn the mean effect size was 341, which is sufficiently large to make the existence of large numbers of unpublished negligible findings unlikely. Analysis of data derived from first-episode schizophrenia and chronic patient samples also revealed large mean effect sizes that were statistically indistinguishable. Similarly, there was no evidence for greater sensitivity of type of NSS instrument (ie, NES vs CNI). However, mean d's and associated CIs show that NSS indexed by a total score, rather than subscales indexing sensory and motor items, provides the most sensitive discrimination of patients and controls. Mean effect sizes for all subscale scores were less than d = 1.0. At the same time, all quantified literatures with the exception of studies reporting MC subscale scores based on the NES revealed significant heterogeneity as indexed by Q tests (figures 1-4).
Pearson correlation coefficients between NSS total and subscale scores and aggregated and selective neurocognitive test scores are presented in tables 3 and 4. Several literatures were represented by small numbers of primary studies. 11, 13, 15, 17, [46] [47] [48] [49] [50] However, it is noteworthy that NSS Note: NSS = neurological soft signs; Std Diff = standard difference in means; NES = Neurological Evaluation Scale; CNI = Cambridge Neurological Inventory; MC = motor coordination; SI = sensory integration; MSeq = complex motor sequencing; disinhib = disinhibition. * Q value heterogeneous, P < .05. total, MC, and SI associate significantly with cognitive performance collapsed across tasks. In addition, with 10 primary studies reporting data from executive function tasks, the relationship between cognition and NSS total scores is similar in magnitude to the collapsed findings. Correlations between NSS scales and symptom severity (PANSS, BPRS) are presented in tables 5 and 6. Significant relationships were found between NSS total and both total and negative symptoms, with shared variances of 10%-12%. In contrast, while CIs for the mean value for NSS total and positive symptoms excluded 0, the effect size was relatively modest with less than 4% shared variance (figures 5 and 6).
Moderator Variables
Heterogeneity statistics reported in tables 1-6 revealed the presence of significant effect variability in many of the NSS literatures in the study base. Accordingly, it was of interest to assess moderator variables that may vary with effect magnitudes in these literatures. We examined the effect of several potential moderator variables, including mean age of patient samples, duration of illness, and education. Sample sex proportions, medication status, and symptom severity could not be considered as moderators due to inadequate reporting of relevant data in the primary studies (table 7) . In our analysis, age was a significant moderator of the NSS total score contrast between schizophrenia and control groups, whereby study effect sizes decreased as mean ages of patient samples increased. However, age was not a significant moderator when only NES data were analyzed. Age also moderated the complex motor sequencing (MSeq) but not MC and SI scores contrasting schizophrenic patients and controls. Moreover, age was not a significant moderator for any correlation coefficient between NSS total and symptoms. In addition, the correlation coefficients between NSS total and IQ increased with the mean age of patient samples. On the other hand, duration of illness was a significant moderator of the NSS total effect between schizophrenia and control groups. Duration of illness was also a significant moderator for the correlation coefficient between NSS total and IQ. However, duration of illness was not a significant moderator of the correlation between NSS total and symptoms. Finally, education did not moderate any NSS total score contrast between schizophrenia and control samples and was not a significant moderator of correlations between NSS and symptom severity or neurocognitive performance.
In the current study, we would also like to explore the handedness and treatment effect as moderator previously, but many studies reported results without concrete data. Besides, different methods varied across these studies.
There were only 7 studies concerning the association of handedness and soft signs, but 3 of them [51] [52] [53] reported no significant correlations between handedness and NSS; 3 Note: NSS = neurological soft signs; MC = motor coordination; SI = sensory integration; MSeq = complex motor sequencing; Corr = Correlation coefficient. * Q value heterogeneous, P < .05. Note: NSS = neurological soft signs; Std Diff = standard difference in means; MC = motor coordination; SI = sensory integration; MSeq = complex motor sequencing; NS, not significant. * Q value heterogeneous, P < .05. studies [55] [56] [57] indicated that there were significant differences between mixed-handed and hand-preference patients. One study 57 presented a trend for an association between left-handedness and NSS. Among these studies, 2 studies 51, 52 did not report data, while others used different methods (correlation coefficient or t test) resulting in insufficient data for us to compute the effect size of handedness on soft signs.
Although there were 30 studies (see table 8 ) that mentioned the relationship between treatment and NSS, many of them did not mention actual descriptive data or useable data for computation. Among these 30 studies, only 5 studies reported the relevant results. Therefore, we cannot calculate the effect size moderated by treatment. Besides, the majority of studies demonstrated nonsignificant results suggesting that treatment might not be a significant moderator.
In addition, only 2 studies 79,80 compared the typical and atypical antipsychotics effect on NSS and found nonsignificant difference.
There were very limited studies on the issue of comorbidity on NSS. In the literature, only one study compared the schizophrenia with and without obsessive-compulsive disorder (OCD). The authors indicated that OCDschizophrenic patients had higher scores on total-NSS than non-OCD-schizophrenic group. Therefore, it is difficult to calculate and combine the results in the current meta-analysis.
Discussion
Our meta-analytic review of NSS in schizophrenia suggests that the illness expresses itself strongly in these basic motor and sensory deficiencies, with mean effects similar or larger in magnitude than those reported in neurobehavioral and neurobiological literatures. 19, 81 The most robust findings were obtained with a summary index of NSS. In addition, we found evidence of associations between NSS and both cognitive performance and negative symptoms. Moreover, effect sizes were significantly moderated by age and duration of illness. Therefore, the substantial difference between schizophrenia patients and controls suggests that NSS meet one essential criterion (association with illness) of an endophenotype for schizophrenia.
Contrast of NSS Between Schizophrenia Patients and Healthy Controls
Our findings show a large and reliable effect indicating that, on average, a substantial majority of patients (73%) perform outside the range of healthy control subjects on aggregate NSS measures. 21 The average effect size obtained compares favorably with those reported for cognition, psychophysiology, frontal-temporal brain volumes, and regional physiology. 24, 25, 82 The evidence is complicated by the presence of considerable effect heterogeneity, which may reflect the use of difference instruments and patient sample characteristics. 83 Hence, more detailed moderator analysis and more comprehensive reporting practices will become increasingly important as the NSS literature expands. Nonetheless, our preliminary quantification of the NSS effect confirms the value of this literature in the search for schizophrenia disease markers and endophenotypes.
Previous studies reported that the frequency of NSS increased with age in a sample of schizophrenic patients. 84 However, we found that effect sizes based on summary measures of NSS decreased in magnitude with increases in the age of patient samples. This relationship may reflect in part the increased frequency of NSS with age in healthy people. 36, 84 Thus, higher rates of NSS in older control samples may have attenuated the effect found in younger samples. We found an inverse relationship between NSS and age in healthy control samples, which clearly contradicts this interpretation. On the other hand, data from patient samples showed a relation between illness duration and NSS in our study base. This implies that less chronic, and presumably younger, samples may include patients with higher rates of neurological deficit. The implication is partially supported by reports of an inverse relationship between age and verbal memory effect sizes in the neurocognitive literature on schizophrenia.
1 Nonetheless, a similar relationship has not been found in neuroimaging literatures. 82 In terms of chronicity-related moderation of the NSS effect, we found no statistically significant difference between first-episode schizophrenia and more chronic patients. However, we did find an association between the overall NSS effect and duration of illness. On the other hand, Chen et al 84 previously reported a relationship between NSS and duration of illness that became nonsignificant when age and education were taken into account in the analysis. It seems unlikely that chronicity is a major factor in amplifying or diminishing the NSS-schizophrenia association, but the question should be answerable as the literature expands and provides a more comprehensive study base for moderator analysis.
Several studies 85, 86 have investigated the association between NSS and gender. While Bjorck et al 85 reported no difference between male and female patients, Duggal et al 86 illustrated that performance in motor sequencing tasks may be influenced by sex-bound variables. Note: NSS = neurological soft signs; NES = Neurological Evaluation Scale; MC = motor coordination; SI = sensory integration; MSeq = complex motor sequencing. * P < .05.
Unfortunately, we were unable to address gender differences in our meta-analysis because of inadequate reporting of gender composition in the primary studies. Only 2 studies reported data relevant to the issue of comorbidity and NSS findings. Sevincok et al 87 compared schizophrenia patients with and without OCD and indicated that OCD-schizophrenia patients had higher scores than non-OCD-schizophrenia patients on total-NSS. In terms of substance abuse co-occurring with the illness, Bersani et al 88 compared cannabis-consuming and -nonconsuming schizophrenia patients. The results showed that NSS were more prevalent in nonconsuming patients. Unfortunately, no conclusions can be reached with such limited data. The question of NSS rates in conditions comorbid with schizophrenia is an important issue that requires more research attention from investigators.
NSS and Neurocognitive and Symptom Scores
This analysis compiled correlation coefficients between NSS and neurocognitive and symptom test scores reported in our primary study base. Cognitive and NSS data share approximately 10% of their variance, implying that these data reflect associated, but distinct, aspects of neurobehavioral function in schizophrenia. Specific relationships were found between sensory and motor soft signs and several aspects of cognitive ability including spatial, executive, and language performance. However, only SI signs were significantly related to IQ measures. This suggests that IQ test performance may require input and coordination of sensory data, whereas motor system dysfunction associates with disturbances in systems underlying spatial and executive processing.
The correlations between NSS and clinical symptoms were relatively modest but significant. The correlation coefficients between NSS total and total, positive and negative symptoms scores indicate shared variance from 2% to 10%, with the weakest relation between NSS and positive symptom severity. Hence, our results confirm previous studies demonstrating that NSS are more prominent in patients with negative symptoms than in those with positive symptoms. 18 
Limitations and Future Research
The current study has several limitations. First, the presence of significant effect variability in some analyses means that average effect sizes may not represent adequately the underlying populations, which may include important subsets of patients. 83 This is especially notable in the contrast between patients and controls. Second, potential moderators including age and duration of illness were only coarsely estimated with sample means. Therefore, the relationships between NSS and these factors are not clear and require more refined and detailed analysis. Third, although differences in effect as a function of NSS instrument (NES vs CNI) were examined, a comprehensive analysis of scale differences and score composition was not conducted. Notwithstanding these limitations, this meta-analysis has shown, for the first time, that NSS occur in a majority Reported data Significant King, 1991 of the schizophrenia patient population and are similar to or exceed psychophysiological, cognitive, and neuroanatomic findings as indicators or correlates of schizophrenic illness. Reporting limitations in the literature with respect to key moderators including gender and chronicity reduce the inferences that can be made about the generality of these findings. These limitations should be addressed through improved reporting practices. In addition, important questions remain concerning prevalence of specific soft signs in the illness and the sources of heterogeneity and effect variability in this population. 
